SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 



This application relies for priority upon Korean Patent Application No. 2001-1613, 
filed on January 1 1, 2001 , the contents of which are herein incorporated by reference in their 
entirety. 

Field of the Invention 
The present invention relates to a semiconductor device and method of manufacturing 
the same, and more particularly to a semiconductor device and method of manufacturing the 
same, which has elongated wiring of silicon material such as gate lines formed to cross with 
an active region in a cell area. 

BACKGROUND OF THE INVENTION 

In a flash memory device or a dynamic random access memory (DRAM) device, gate 
lines generally have elongated line shapes. Also, the gate lines are formed of silicon material 
having conductivity lower than that of metal material. Thus, voltages at portions, for example 
middle portions, of the gate lines remote firom portions to which voltage is first suppUed, 
become lower than the required voltage since the gate Unes have line resistance. Accordingly, 
the memory device needs means to compensate for a drop in voltage in the middle portions of 
the gate lines. However, as the elements incorporated into a semiconductor device are 
integrated to a higher degree, a wiring width as well as a distance between cells becomes less 
and less, thereby increasing line resistance. In order to maintain voltage at all portions of the 
gate lines at a given level and to prevent an increased delay of the gate signal due to increased 
line resistance, means for restoring voltage are required. However, in most means for 
restoring voltage, a peripheral structure in the memory device is compUcated, causing a loss 
of integration density. To reduce these problems, there have been proposed methods of 
increasing conductivity, such as forming silicon wiring of the gat e li nes by u s ing a multi -^ 
l^J^^edluic^nl^r^hi^^ 

surface of each gate line as in a general flash memory device shown in FIG.l to FIG.3 

~~ PIQ 1 is a top plan view showing a potion of a cell area of a general NAND type flash 
memory. 

Referring now to FIG.l, an isolation layer is formed on a substrate to form an active 
region 22 in a cell area. The active region 22 comprises a plurality of line shaped sub-regions 
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-ycr snown m FIG.2. In a center portion of the r*.ll »r»o „ 

,^ area, a cormnon source line 45 i<! 

disposed to cross the active reeion 22 Tn ^..i, v.cime^5is 

5 «a.e «„e 33s, a p.uramy of, fo, exa^le sT^,; ""^""^ ^ 

line 33s are fo™,H „\ ™<' ° ^""8 gate 

ne are fenced ,„ oMer ^ „ne of^O, sides of toe commoh ^urc Ifae 45 Namel 
two equal parts of eate line.! f«rr«»^ • iNamely, 

4 P gate lines fonned m the upper and lower portion of the cell area are 
disposed symmetrically with resnecttnth^ ne ceii area are 

auy wiia respect to the common source line 45 Thno ti,o 

Fia2 shows a cross-section taken along line I - 1 in FIG 1 and FTC. 
□ section taken along line n - n in FIG. 1 . ^ 

i the common source line 45 is fom..H . 

^ ♦5 portion of the active rem nnfn ■ on the substrate in contact a 

J F "'^^^'''^^^g'O" foiling common source regions 35s' of fh..^. ^ , 

id lines 33g (shown in Firn . w ^^^^t gate 

n p^f ■ ^ '"""'^^'"^'^^ on an "iterlayer insulating layer 49 

i : ''"*''"^ °"*'^-'^"22.'h=«ateK„es33«,WP 33sl 

, JO fo^ed .0 cross ,he ac«ve region 22. Tire Condon .o^ ,tae 45 is in oontactl^^re 
. - _ source regions 35s. between two g.„nd seiec. g«e «„es 33g 

Inaprocessoffon„i.gacena«aofaflashme.o.ydevicesho™i„p,G , ,oF,G3 
tirst an isolation insulatine lav^r 9^ ic ^ i-lG.S, 
'iouirtung layer 23 is fonned on a substratf> on 

mean, of a genera, sha.W.re„cH isoMon (STO p^T^T 

25 Plumlity of line shaped sub-regions ll,e,^« """""^^ " 

active region -nren a ol^^T ' f"™^' 

o.wo.<.Lrxrrsir:::;trrr"^^^ 

Aiso, so,«ce/d,ain regions 35- a« foL . ! """^ '"'"^ 

-b-regions of U,e acL ^^o^v " '"""'"^ "^'"^ ^ 

30 -=»-.a.e,ines.r:2r:;o:r~ 

P-ocessesofus^^egateiinesandsp Ja;: L; ri:^^^^^^ 

foim a dual doped strurt„rp m , u • . ^ ''"^^ a mask, 
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region oftiie substrate under the SDacer<!^7 Th»« 

, ^ . ^^^^''^'^^^^•^^"'^interlayer insulating layer 41 is 

reg,o^ 35. Ween *e ground selec. gate lines 33g and fllW ™U, a oo«,„c.or such a. a 

f ™ed over «,e ^„„an. s„bs«.., ^ , ^ J"^^ 

5d of me smng se.ec, ga.e U„es 33s. and a« fi„ed „iU. a co^lucL layer . 3., 
line contacts. And then, bit lines a« formed 

.e.ais::rrt~tLt:r'tT""^-^""^"""'---^^^^^^ 

Shown in Mac. in no^ Z^Z T ""i 1 7^ """^ ""'""^ '^^ ^ 

in the source/drain .^TZl 7 .T " '"""^ 

-eis ween.he:o:r::::r r rnit:;::^^^^^^ 

XT AMD t^«^^ n u ' ^ ™gn integrated 

iNAJND type flash memory device width nf fh» „ ♦ i- s^-icu 

y ucvice, width of the gate Imes and distance between th^ a«t^ u 
areveryminute,forexamplebelow0 15am Parfi.,! , • ''^t^een the gate Imes 

^M...,thetra„.s.rcha»e.a:~^^^^^ 

-ea,^ pn^ess. flre doped area is .ot. difftsed, so that the .engfl. of dre transroT 

:-:::;rr;er::rr-"^^^ 
.e.„.de.cers,thehgh.erjrz::rr.:cr^^^^^^^ 

s...o.a. layer ,s fonned in the source/drain ..gions. conductivity of tie sour.;^! ■ 
™..a.proh,en.suchas.eh.ea.do™and.cult.eaCr::r'^ 
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It is other object of the present invention to provide an improved semiconductor 
device and method of manufacturing the same, which can prevent break down in chamiels 
and current leakage of source/drain regions from occurring , when width of gate line having a 
metal sihcide layer is below 0. 1 5/im. 

5 These and other objects arc provided, according to the present mvention, by a 

semiconductor device comprising a plurality of gate lines composed of line shapes to 
function as gate electrodes in a plurality of transistors and separated from a semiconductor 
layer by a gate insulating layer, each having an upper metal sihcide layer; and a plurality of 
source/drain regions formed on the semiconductor layer between said gate lines solely by 
1 0 carrying out impurity implantation processes. 

m the semiconductor device of the invention, the semiconductor layer is forced of a 
^ srhcon substrate. Also, the impurity implantation is carried out by a dose of impurity below 
j 1.0 X 10 ions/ cm^ to prevent break down from occurring in channels of the device for 
I example the device in which width of the gate line is below 0.15/ttn. 
f A method of manufacturing a semiconductor device comprises 

the steps of forming a gate insulating layer on a semiconductor substrate, forming a silicon 
gate layer on the gate insulating layer, forming gate lines by patterning the silicon gate layer 
performmg an impurity implantation by using the gate lines as a mask to form a MOS 
transrstor structure, forcing an interiayer insulating layer over the whole surface of the 
substrate over which the MOS transistor structure ar. formed, exposmg the silicon gate layer 
of the gate hues by planarizing the interiayer insulating layer, and forming a metal silicide 
layer on an exposed surface of the silicon gate layer. In the method of the present invention 
metal for forming the metal silicide layer uses Co or Ti. M forming of the metal silicide laylr 
non-reacted residual metal is removed by an etching process. The metal silicide layer is not ' 
formed m source/drain regions, but on upper portions of the gate lines. 

The method of the present invention further includes the steps of forming openings 
such as grooves to expose a given region of the substrate by partially etching the interiayer 
msulatmg layer after the step of forming the interiayer insulating layer, and filling the 
opemngs by depositing a silicon layer acting as a wire. Jn the step of exposing the silicon gate 
layer of the gate lines, the sihcon layer in the openings is also planarized. 

BRIEF DRSrRTP TiON OF THP DRAWTMOR 

FIG. 1 is a top plan view showing a portion of a cell area of a general NAND type 
flash memory. 
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FIG.2 is a cross-sectional view taken along line I - 1 in FIG. 1 
FIG.3 is a cross-sectional view taken along line H - H in FIG.l. 
FIG.4 is a top plan view showing a potion of a cell area of a NAND type flash 
memory device in accordance with one embodiment of the present invention 
FIG.5 is a cross-sectional view taken along line H - n of FIG.4. 
FIG.6 to FIG. 10 are flow diagrams showing the process steps of a method of 
manufacturing the cell area of the NAND type flash memory device shown in FIG.5. 

DETAILED nKSCRIPTTOM PPEFRRRFn T^KAT,r^r.r^.r.^^jc, 
The present invention now will be described more fully hereinafter with reference to 
the accompanying drawings, in which a prefened embodiment of the invention is shown 
This mvention may, however, be embodied in many different forms and should not be 
construed as limited to the embodiment set forth herein. Rather, this embodiment is provided 
so that this disclosure will be thorough and complete, and will fiilly covey the scope of the 
mvention to those skilled in the art. Like numbers refer to like elements throughout. 

FIG.4 is a top plan view showing a portion of a cell area of a NAND type flash 
memory device in accordance with one embodiment of the present invention and FIG.5 is a 
cross-sectional view taken along line II - II of FIG.4. 

Refemng now to FIG.4 and FIG.5, the flash memory device of the present invention 
has an active region 122 formed on a substrate in a cell area by an isolation layer. The active 
region comprises a plurality of Une shaped sub-regions which are defined respectively by a 
plurality of elongated openings or gaps of the isolation layer. In a center portion of the cell 
area, a common source line 148 is disposed to cross the active region 122. The common 
source lin. 148 has a wall shaped body 145 formed of silicon, and an upper metal silicide 
layer 147. A plurality of gate lines 133g, WP, 133s are formed parallel to the common source 
Ime 148 and symmetrically with respect to the common source line 148 in upper and lower 
portions of the cell area which are divided by the common source line 148 

m a general NOR typo flash memoiy device, gate lines can be fonned in pairs, each 
being disposed adjacent to each of both sides of a common source line, i.e., between a 
common source line and bit line contact regions. However, in the NAND type flash memory 
device of the present invention, a half of gate lines comprising a ground select gate line 133g 
a plurality of word lines WP, and a string select gate line 1 33s are fonned in order upward or' 
downward from the common source line 148, i.e., in each of the upper and lower portions of 
the cell area which are divided by the common source line 148. Namely, one half of gate 
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lines fonried upwardly from the common source line 148 is symmetric with the other half of 
. gate Imes formed downwardly from the common soun:e line 148. Among the gate lines at 
least word lines WP have silicon layer for control gates having upper metal silicide layer 

On junction regions in which the word lines among the gate Imes are crossed with the 
5 hne shaped sub-regions of the active regions 122. the gate lines form gate electrodes of cell 
fransistors. Each of the gate electrodes formed on the junction regions has a general double- 
layered gate structure of a nonvolatile memory transistor. The double-layered gate structure is 
composed of a floating gate, a dielectric layer, and a control gate formed in order on a gate 
msulatmg layer 124 separating the gate electrodes from the active regions 122. Adjacent 
1 0 transistor, on same woni lines WP are not comiected through a floating gate layer, but a 
control gate layer. 

Source/drain regions 135' are formed by doping an impurity against an exposed 
□ portion of the substrate between the gate lines. Accordingly, in adjacent cell transistor. 
•| formed in one of the line shaped subregions of the active regions, respective source and drain 
!• ^ 5 regions overlap each other. 

jU On the junction regions, the ground select gate lines 133g and the string select gate 

- Imes 133s do not need to have a double-layered gate structure having the floating gate and the 
.J control gate. Accordingly, these gate Imes can be composed of line shaped structures fomied 
usmg only a floating gate layer, making a control gate layer in a dummy pattern or 
connectmg electrically a control gate layer with a floating gate layer through butting contacts 
msulatmg spacers 137 are generally formed on both side walls of the gate lines In the 
source/drain regions 135', a general dual doped structure can be formed by using the gate 
Imes and the insulating spacers 137 as a mask. Namely, highly doped portions are formed in 
the active region of tiie substrate between the adjacent insulating spacers 137 between the 
gate Imes, and lightly doped portions in the active region of the substrate between the gate 
hnes and the highly doped portions, i.e., in the active region of the substrate under the 
insulating spacers 137. However, in the ion implantation for the highly doped portions a 
concentration, i.e., a dose of impurity is restrained below l.OxlO'^ ions/cm^ to prevent 
chamiels under the gate lines from being broken down when width of the gate lines i e 
length of the chamiels is below 0. 15,m. Preferably, a supplementary insulating layer 139 is 
formed on the gate lines on which the insulating spacers 137 are formed. 

An interiayer insulating layer is fomied over the whole smface of the substrate to 
cover the gate lines and the common source lines 148. Tlie interiayer insulating layer is 
composed of upper and lower layers 149, 141. The lower layer 141 of the interiayer 
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insulating layer is formed at the same level as that of a metal silicide layer of the common 
source line 148 or the gate lines. Bit lines 155 formed parallel to the active region 122 are 
connected with drain regions 135d' of string select transistors on the string select gate lines 
133s, through bit line contacts 151, silicon pads 145' and metal silicide layers 147' The 
common source line 148 is comiected with common source regions 135s' of two ground 
select transistors formed on a portion of the substrate on which the active region 122 is 
overiapped with two ground select gate lines 133g. 

A method of manufacturing a NAND type flash memory device of the present 
invention shown in FIG.5 will now be described with reference to FIG.6 to FIG 10 

^ig!gg!]J^:gL^^ substrate 120 in a cell area to form an active 

region as shown in FIG6b. ITie active region comprises a plurality of line shaped sub-regions 
which are defined respectively by a plurality of elongated openings or gaps of the isolation 
layer. The isolation layer 123 is formed by a shallow trench isolation (STI) process 
However, in case of using a self-aligned STI process, a portion of a gate insulating layer and 
a floating gate siHcon layer can be deposited before forming of the isolation layer 123 In the 
cell area, the isolation layer 123 and the active region 122 are disposed to alternate with each 



other. 



^0 



Referring to FIG.6a, a thin gate insulating layer 124 is formed on the active region 
122 of the substrate 120 on which the isolation layer 123 is formed. On the gate insulating 
layer 124, a sihcon floating gate layer is formed and patterned to form a floating gate 
intermediate pattern. At this time, a portion of the silicon floating gate layer overlapped 
parallel to the active region 122 is remained, whereas a portion of the silicon floating gate 
layer on the isolation layer 123 of the rest except a region on which the ground select lines or 
the stnng select lines is to be formed is removed, so that it forms a continuous line shaped 
pattem crossing with the active region 122. 

Th^^after, a «para«ng dielectric layer and a silicon control gate layer a,^ fonned 
over «,e whole surfece of the substrate .20 over which the floating gate intermediate pattem 
IS formed. The separating dielectric layer generally uses an oxide nitride oxide (ONO) layer 
The srhcon control gate layer uses a doped po.ysilicon layer to increase conductivity Then a 
plurality of required gate lines are fonned in a direction vertical to a direcf on which the 
acve region is formed, by etching partially the siUcon control gate layer, the dielectric layer 
and fte .ntetmediate pattem. At this time, each of g«e electnKies 133 on conjunction pottionl 
whtch the gate lines are crossed with the acdve region is fonned to have a layered structur. 
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composed of a floating gate pattern 126, a dielectric layer pattern 128 and a silicon control 
gate layer pattern 130. 

The gate insulating layer 124 is patterned or remained as a buffer layer for ion 
implantation. Thus, two equal parts of gate lines, each being composed of a ground select 
gate hne 133g, a plurality of word lines WP, and a string select gate line 133s, are formed 
upwardly and downwardly &om the center of the cell ai^a, respectively. Namely, a half of 
gate lines fonned upwardly from the center of the cell area are synunefric with the other half 
of gate Imes fonned downwardly from the center of the cell area. At this time, the thin gate 
msulating layer 124 covering the active region 122 of the substrate 120 between the gate lines 
IS exposed. The substrate 120 in exposed active region is lightly implanted to fonn low 
concentration impurity regions 135. In the ion implantation, the gate lines act as an ion 
implantation mask. 

Referring to FIG.6b, a region on which a common source line is to be formed is 
maintained in a state which the sihcon control gate layer, the dielectric layer, and the floating 
gate mtermediate pattern are removed from the substrate 120 by means of the gate line 
patterning process, so that the isolation layer 123 and common source regions 135s fomnng a 
portion of the low concentration impurity regions 135 arc disposed to be alternated each 
other. Also, in the region, there are no layers except the gate insulating layer 124. 

Referring to FIG.7, after the ion implantation, a plurality of insulating spacers 137 
each being composed of a nitride layer or an oxide layer, are formed on side walls of the gate 
electrodes 133. The spacer. 137 are formed by using a method of depositing an insulating 
layer over the substrate 120 over which the gate electrodes 133 are formed, and etching 
amsotropically the whole surface of the substrate 120 over which the insulating layer are 
formed. After forming the spacers 137, a relatively high concentration impurity implantation 
rs earned out by using the gate Unes and the spacers 137 as a mask. At this time, an impurity 
concentration is restrained to prevent break down in transistor channels under the gate lines 
from bemg occurred. Thus, source/drain regions 135' having dual doped structures are 
formed and a MOS transistor structure is obtained. For a sequent process, an etch stop layer 
139 IS formed of a silicon nitride layer having a thickness of 1,000A over the whole surface 
of the substrate 120. 

Referring to FIG.Sa, an interlayer insulating layer 141 is formed over the whole 
surface of the substrate 120 having the MOS transistor structure on which the gate elecfrodes 
133 and the source/drain regions 135' are formed. TTie interlayer insulating layer 141 is 
deposited to a thickness enough to fill gaps or openings between the gate lines and then 
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plananzed. Thereafter, a groove is fonned in the interlayer insulating layer 141 to expose 
common source regions 135s' in the active region between two ground select lines 133g 
formed parallel to each other on the center of the cell area. At this time, the etch stop layer 
139 on the exposed portion of the common source region on which a groove is fonned is also 
5 etched and removed. Also, in order to fonn pads for bit Une contacts, contact holes can be 
fonned on drain regions 135d' of one side of each string select gate line 133s. Then, a silicon 
layer 140, for example a doped polysilicon layer is deposited over the whole surface of the 
substrate 120 to fill the groove and contact holes, hereafter, the silicon layer 140 is 
plananzed to expose the interlayer insulating layer 141. 
10 Refening to FIG.Sb, with filling the groove with the silicon layer 140, unfinished 

silicon wall of the common source line which is in contact with the common source region 
135s' crossmg with the active region is obtained. 
J Refening to FIG.9a and FIG.9b, upper portions of the interlayer insulating layer 141 

= and the silicon layer 140 filling the groove shown in FIG.Sa and FIG.Sb are removed by 

canying out a planarization etching process, and thereby the control gate layer pattern 130 of 
the gate hnes is exposed. Accordingly, silicon pads 145' for bit line contacts and a silicon 
wall 145 of the common source line extended at a given depth parallel to the gate lines are 
fonned from the silicon layer 140. On exposed silicon surfaces, i.e., upper surfaces of the 
silicon wall 145 of the common source line, the silicon pads 145' for bit line contacts and the 
control gate layer pattern 130 of the gate lines, metal silicide layers 147, 147', 147" are 
formed to decrease line resistance. 

Metal material for fomiing the metal silicide layers 147, 147', 147" uses one selected 
from cobalt (Co) and titanium (Ti). For example, in case of using Co, first, a Co layer is 
formed to a thickness of lOOA to 500A by a sputtering process. Then, a first rapid thennal 
annealing (RTA) process is carried out at a temperature of about 450''C to fonn a layer of Co 
sihcide such as Co.Si. Unsilicified Co metal is removed from the substrate by a selective 
etching process. Thereafter, a second RTA process is earned out at a high temperature of 
about 850OC, so that a superior Co silicide layer in properties is fonned. 

Thus, the metal silicide layer 147 of the common source line is fonned at the same 
level or height as that of the metal silicide layers 147" of the gate lines. TTierefore in the 
flash memory device of the present invention, there is an advantage that step coverage in a 
sequent process is reduced compared with that of a conventional flash memory device which 
an upper surface of the common soun:e line is fonned at a height higher than that of upper 
surfaces of the gate lines. Also, the invention has an advantage that conductivity of the 
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conunon source line is improved since it has the upper metal silicide layer. Also, in case of 
forming a high integrated flash memory in which width of the gate lines is very small, the 
present invention can prevent a leakage of current into the substrate or break down in' 
channels from being occurred. 

Referring to FIG. 10, after forming of the metal silicide layers 147, 147' 147" an 
interlayer insulating layer 149 is deposited and then patterned to form bit line contact holes. 
At this tmie, since the common source Une along with the pads 145' for bit line contacts 151 
was formed at same level or height, depth of the contact holes can be decreased compared 
with that of the conventional flash memory device, so that the process time, cost and error in 
the fabncation can be reduced. Thereafter, a conductive layer is deposited and patterned, so 
that bit line contacts 151 and bit lines 155 are formed. In case the bit lines are formed of 
metal, the metal silicide layers 147' can assist to form ohmic contacts between the silicon 
pads 145' and the bit line contacts 151. 

As apparent from the foregoing description, it can be appreciated that the present 
invention provides a semiconductor device and method of manufacturing the same which can 
restram break down in transistor chamiels and increase of current leakage due to increase of 
conductivity of source/drain regions from being occurred, by preventing a metal silicide layer 
from being formed on the substrate between gate lines when forming the metal silicide layer 
on upper surfaces of the gate lines to increase conductivity. 

In the drawings and specification, there have been disclosed typical preferred 
embodiments of the invention and, although specific terms are employed, they are used in a 
genenc and descriptive sense only and not for purpose of limitation, the scope of the 
invention being set forth in the following claims. 
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